A multi-stage random sampling technique was used to collect data via structured questionnaires with 184 sampling observations of cooperative group and 230 that of non-cooperative group. The disparity of the study from previous studies were efficiency comparison of three seasons instead of only focusing on efficiency of one season or total a year, especially was compared between cooperative and non-cooperative group. The results indicated that technical efficiency mean of cooperative farmer category was lower than that of non-cooperative farmer category in the first season. However, technical efficiency mean of cooperative grower group was greater than that of non-cooperative grower group in of second season and third season. More so, the positive determinants of technical efficiency of cooperative farmer group were age and plant density in season 1, wrapping bag in season 1 and season 2, land area in season 1 and season 3, and credit access and market access in season 3 while the negative factors were payment for agro-input wholesale and classifying sale in season 1, credit access in season 2, age, education, farming experience and plant density in season 3. Turning to non-cooperative farmer group, the positive determinants of technical efficiency were land area in season 2 and season 3, credit access in season 2, and plant density in season 3 whereas the negative elements were wrapping bag in season 1 and season 2, age, education, farming experience, market access and land area in season 1, and classifying sale in season 2. Based on these findings, policy makers should focus on effective inputs models that would boost technical efficiency through conducting regular workshops and orchard demonstrations on using input materials effectively for mango farmers. Also, farmers should be empowered in land area acquisition to applied advanced technology in large-scale production more effectively.
INTRODUCTION
Mango was one of the most prevalent tropical fruit in the world, especially is in Asia. Vietnam mango volume was about 836 thousand tons in 2017 (FAO, 2019) . It ranked fourth in terms of mango volume in Southeast Asia after Thailand, Indonesia and Philippines and was top 15 the largest mango producers in the world. In Vietnam, mango has been grown in all provinces of the county, in which the southern Vietnam has been considered center for mango production in Vietnam. The southern Vietnam has provided to international and domestic market about fresh mango 552,000 ton/year with area nearly 51,500 ha (GSO, 2018) .
The household survey carried out by Loc et al. (2014) indicated that gross income from mango production was reported at an average of 186 million VND per household per year, with net income of 105.4 million VND (US$ 83.65 per person per month at exchange rate of US$1 = VND 21,000 and assuming average household size of 5 members), average household cultivation area of 0.68 hectares per. Mango cultivation was primarily small farmers activity. Small farmers faced numerous challenges in utilization of available resources which affected their efficiency, productivity, awareness of quality requirements, poor technical skills and difficulties in funding investment.
Thus, the objective of this study was to isolate the efficiency component in order to measure its contribution to productivity and pay particular attention on determinants of efficiency associated with structural variables that could influence efficiency differentials among production units (Wambui, 2005; Sentumbwe, 2007; Farrell, 1957; Coelli et al., 2005) . This brought about formulating policy measures to alleviate different constraints in the HoaLoc-mango production of various seasons of year in southern Vietnam. The study specifically found out effective disparities among HoaLocmango seasons of year, the technical relationships between inputs and output in mango production, determinants of technical efficiency in HoaLoc-mango production between non-cooperative and cooperative farmer groups.
MATERIALS AND METHODS

Sampling techniques
A multi-stage sampling technique was used to select the study area. Firstly, south-eastern region and Mekong Delta region were purposively selected for the study due to its comparative advantage in mango production system with accounting for 75% volume and making up 72% area in Vietnam. Secondly, Dong Nai province of south-eastern region and Dong Thap, Tien Giang, Hau Giang, and Vinh Long provinces of Mekong Delta were chosen because Dong Nai province occupied approximately 55% volume and making up 54% area in south-eastern region and 4 provinces accounted for about 67% volume and making up 55% area in Mekong Delta (GSO, 2018) . Finally, simple random technique was used to select 184 sampling observations of cooperative farmer group (53 for season 1; 61 for season 2 and 70 for season 3), and 230 sampling observations of non-cooperative farmer group (67 for season 1; 85 for season 2 and 78 for season 3).
Theoritical framework
Technical efficiency (TE) is the ability of a farming unit to produce a maximum level of output given a similar level of production inputs, or to produce a given amount of output with minimum inputs (Farrell, 1957; Khan and Saeed; 2011) . Meanwhile, Effiong and Idiong (2008) stated that technical inefficiency ascended when actual or observed output from a given input is less than that of the maximum probable. Technical inefficiency reflected deviations from the frontier isoquant (Farrell, 1957; Kopp and Diewert, 1982) . In agricultural field, technical efficiency is the capacity of the farmer to produce maximum output frontier production given inputs and technology (Amaza and Olayemi, 2001) . The differentials of technical efficiency among farmers could be linked to managerial decisions, environmental conditions (soil quantity, rainfall, Net J Agric Sci 126 temperature, and soil relative humidity), non-technical and noneconomic factors and specific-farm features that could influence farmers' ability to use technology. Farm efficiency measurement was very vital especially among farmers in developing countries (Ume et al., 2016) . Overall, the factors that affect farmers' efficiency could be grouped into agent and structural factors. Agent factors were those factors linked to the farm manager such as level of education, family size, age and social capital. Structural factors were either on-farm such as farm location, farm size and fertility, while, off-farm include market and transport infrastructure. Atoloye (2006) categorized these factors into farm-specific variables (intensity of inputs like labour, fertilizers and seeds), economic factors (prices of inputs and output), and environmental factors (rain, relative humidity, temperature).
The theoretical framework of Stochastic Frontier Analysis (SFA) about production efficiency developed from remote influences in the decade of 1950 by Koopmans (1951) and Debreu (1951) . Consequently, technical efficiency ratings obtained from the nonparametric approach are generally lower than those obtained under the parametric SFA alternative (Coelli et al., 2005; Kumbhakar and Lovell, 2000) . Following Aigner et al. (1977) , the formulation of stochastic frontier model in production function could be presented as:
Yi is the observed output of the i th sampled farmers, f (Xi, ) is a suitable functional form, is vector of the unknown parameters to be estimated, i is the error term made up of two additive components; Vi is the random error having zero mean which is associated with random factors outside the farmers' control such as topography, weather, measurement errors, disruptions of supplies and is assumed to be independently and identically distributed normal N (0, 2 v) random variable and independent of Ui and on the other hand, Ui is a non-negative truncated half normal random variable associated with farmer specific factors, which lead to the i th farm not attaining maximum efficiency of production. The Ui is associated with technical inefficiency of the farmer and range between zero and one and follows an identical and independent half normal distribution N(0, 2 v) with N representing the number of farmers involved in the cross sectional survey.
The technical efficiency of the farmer is:
Technical efficiency (TE) = Yi /Yi * Where: Yi is the observed output and Yi* is the frontier output.
This is such that 0 ≤ TEi ≤ 1 Again this measure takes the value between zero and one, and it again measures the output of the i-th firm relative to the output that could be produced by a fully efficient firm or best practice firm using the same vector of inputs. The first step in predicting the technical efficiency according to Coelli et al. (2005) is to the estimate the parameters of the stochastic production frontier. This is often done using the Maximum Likelihood estimates, which use the Ordinary Least Squares (OLS) results as a starting point.
The use of the MLE in estimating the production frontier however is dependent on the selection of certain distributional assumptions concerning the two error terms of the frontier. The MLE estimates are preferred over the corrected ordinary least squares (COLS) method because of the fact that they have many desirable large sample (i.e. asymptotic) properties (Coelli et al., 2005) . Aigner et al. (1977) obtained ML estimates under the assumptions that the;
That is the i are independently and identically distributed normal random variables with zero means and variances 2 and the, are independently and identically distributed half-normal random variables with scale parameter 2 suggest that the finding made by Battese and Cora (1977) who parameterised the log-likelihood in terms of 2 and = 2 / 2 , is the most appealing because if = 0 then all deviations from the frontier are due to noise, while = 1 means all deviations are due to technical efficiency.
Empirical model
The Cobb-Douglas (CD) production function was found to be an adequate representation of the data. The stochastic frontier model is defined by:
The translog production function is alternatively defined as follows:
Where: ln = logarithm to base e Yi = output of pineapple (kg); βo = constant or Intercept of the model; β1 -β20 = coefficients to be estimated; X1 = quantity of pesticide (liters); X2 = quantity of fungicide (liters); X3 = quantity of fertilizer_root (kg); X4 = quantity of fertilizer_leaf (kg) (spraying on mango leaves to stimulate mango flower); X5 = family and hired labour (man-days); Vi = random error term; Ui = technical inefficiency effect predicted by the model and the subscript i indicate the ith farmer in the sample.
The determinants of technical efficiency of mango farmers in line with Ogunniyi (2011) The estimates for all the parameters of production functions and inefficiency model were obtained by maximizing the likelihood function on the FRONTIER 4.1 program.
RESULTS AND DISCUSSION
Seasonal schedule of HoaLoc-mango in southern Vietnam
Nowadays, mango seasons of farmers in southern Vietnam have been produced actively year round by flowering stimulation technique. This has brought harvesting season of mango to take place all year as following: used to carry out the likelihood ratio test. The null hypothesis was the statement that the Cobb-Douglas production function was the best fit for the data. Result indicated that it was rejected the null hypothesis in five cases because lambda values 1 = 47.74, 2 = 30.82, 3 = 42.96, 4 = 42.42, 5 = 35.50 were greater than critical value (25.0) at 5% level of significance, meaning that Translog form was the best functional form for the data (Table 2) . One case accepted the null hypothesis with 6 = 19.38 was lower than critical value (25.0) at 5% level of significance, showing that Cobb-Douglas form was the best functional form for the data ( Table 2 ). The expected parameters and the related statistical test results obtained from the analysis of the maximum likelihood estimates (MLE) of the Translog and Cobb-Douglas based on stochastic frontier production function for HoaLoc-mango farmers in the southern Vietnam were presented in Table 3 . The sigma squares (σ 2 ) of cooperative farmer category were 0.52 in season 1; 1.42 in season 2; and 1.40 in season 3 and that of noncooperative farmer category were 1.81 in season 1; 0.95 in season 2; and 0.62 in season 3, which were found to be significantly different from zero, suggested a good fit of the models and the correctness of the specified distributional assumptions respectively. Furthermore, the gamma parameters of cooperative farmer group (γ 1 =0.9999, γ 2 =0.9999, γ 3 =0.9999) were quite high and significant at 1% level of probability, implying that 76.88% of variation in season 1, and 99.99% of variation in season 2 and season 3, which resulted from technical efficiency of the sampled farmers rather than random variability. Similarly, the gamma parameters of non-cooperative farmer group (γ 1 =0.9999, γ 2 =0.9999, γ 3 =0.5444) were significant at 1% and 10% level. This revealed that there were 99.99%; 99.99% and 54.44% in technical efficiency to be explained by given variables in season 1, season 2 and season 3 respectively.
Regarding season 1, the analysis of the estimated model of cooperative producer group pointed out that the coefficient of fungicide, fertilizer (root) and fertilizer (leaf) were positive and statistically significant at 1% level while the coefficient of pesticide and labour were negative at 1% significant level. The positive relationship of fungicide, fertilizer (root) and fertilizer (leaf) with yield suggested that a 1% increase in fungicide, fertilizer (root) and fertilizer (leaf) will result to 4.476, 2.603 and 2.312% respectively increase in yield of HoaLoc-mango farmers. The coefficients of the square term for fertilizer (root) and labour were positively and highly significant at 1% level of probability, showing a direct relationship with yield but the coefficients of interaction between fungicide and labour was negative, indicating increase in the combination will decrease yield of HoaLoc-mango. Meanwhile, the analysis of the estimated model of non-cooperative producer group revealed that coefficient of fungicide and labour were positive at significant 5%, 1% level respectively whereas the coefficients of pesticide and fertilizer (root) were negative at significant 1% level. The coefficients of the square term for fungicide, fertilizer (root), fertilizer (leaf) and those of interactions between pesticide and fungicide, pesticide and fertilizer (root), pesticide and labour, fertilizer (leaf) and labour were positively significant at the conventional significance levels. This implied that these combinations would bring higher productivity for growers producing HoaLocmango.
Turning to season 2, fertilizer (root) variable of cooperative farmer category were negative and significant at 5% with coefficient of 1.810. Alternatively a Kodde and Palm (1986) . For these variables the statistic λ is distributed following a mixed χ2 distribution. 1% rise in fertilizer (root) will lead to 1.810% decline in yield of HoaLoc-mango production. Analogously, the coefficients of the square term of fertilizer (leaf) was negative, showing increase of the variable in production was limited to output. Additionally, the coefficient of interaction between fungicide and fertilizer (leaf) was negative and significant at 1% level, implying that increases in the combinations lead to decrease in output of HoaLoc-mango while the coefficient of interaction between fertilizer (root) and fertilizer (leaf) rose productivity of HoaLoc-mango. For non-cooperative farmer category, pesticide variable was positive and significant at 1% level with coefficient of 1.974 whereas the coefficients of fertilizer (root) were negative at significant 1% level. The coefficient of the square term for pesticide was positive influence on yield of HoaLocmango at 10% significant level but that of fungicide affected negatively at 1% level. Moreover, the coefficient of interaction between pesticide and labour, fungicide and fertilizer (root) were negatively significant at 1% and 10% level of probability, implying that the more pesticide and labour, fungicide and fertilizer (root), the lower yield of HoaLoc-mango production. By contrast, increase in fertilizer (root) and labour will improve productivity of HoaLoc-mango at significant 1% level. For season 3, input variable of labour in cooperative grower category played important and positive role in impacting on HoaLoc-mango production with high coefficient of 2.552 at 1% level of significance while fertilizer (root) variable was negatively significant at 1% level with coefficient of 0.751. In addition, the coefficient of the square term for pesticide, fungicide, fertilizer (root) and labour were negative influence on yield of HoaLocmango whereas that of fertilizer (leaf) affected positively. Furthermore, the coefficients of interaction between pesticide and labour, fungicide and labour, fertilizer (root) and fertilizer (leaf), fertilizer (root) and laour were positively significant at 1% level of probability contrasting with that of interaction between pesticide and fungicide, pesticide and fertilizer (root), fungicide and fertilizer (root), fertilizer (root) and laour being negative and significant effect on productivity of HoaLoc-mango at the conventional significance levels. For non-cooperative grower category, fertilizer (root) was positively significant at 10% level. It meant that a 1% increase in pesticide would result in 0.077% increase in productivity of HoaLoc-mango.
Determinants of technical efficiency
The analysis results of Table 4 showed that factors influencing technical efficiency of HoaLoc-mango farmers in the southern Vietnam among three seasons. The purpose of estimating is to determine the relationship between technical inefficiency and household characteristics.
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In season 1, the parameter estimate pointed out that age, wrapping bag and land area variables were statistical meaning both cooperative and non-cooperative grower profiles, in which these variables were positive and significant variables on technical efficiency of cooperative gardener category contrasting with being negative impact on that of non-cooperative gardener category. The finding of age in cooperative farmer group was in conformity with some earlier studies of Malinga et al (2015) , Martin and Ernest (2017) ; however, the result of age in nocooperative farmer group agreed with the result of Alam et al. (2012) , Abdur (2012) , Sibiko et al. (2013) , Daniel (2016) . Furthermore, in non-cooperative farmer profile experienced negative impact of education, farming experience and market access at significant 10%, 10% and 1% level respectively. The research result of education was in agreement with some earlier studies (Page and John 1984; Mari and Lohano 2007) but in disagreement with the study of Kalirajan and Shard (1985) , Weir (1999), Weir and Knight (2000), Bifarin et al. (2010) , Maria (2015) , Daniel (2009) , Khan and Saeed (2011) , Daniel (2016) and Khan and Ali (2013) , which found a strong and positive relationship between educational level and technical efficiency of the farmer. For finding of farming experience in non-cooperative grower group, the result was against with some earlier researches (Abdukadir, 2010; Dadzie and Dasmani, 2010; Maria, 2015) . The studies stated a positive relationship between technical efficiency and farming experience.
In season 2, the coefficient of wrapping bag was positive and significant at 1% level in technical efficiency of cooperative farmer group but was negative and significant at 10% level in that of non-cooperative farmer group. Meanwhile, credit access variable of in cooperative grower profile was negative influence on technical efficiency. The similar findings were obtained by Obare et al. (2010) , Saeed (2011) and Daniel (2016) . However, the variable was positive in technical efficiency of non-cooperative grower profile. The result concurred with the studies of Bifarin et al. (2010) and Khan and Ali (2013) . Besides, coefficient of classifying sale in non-cooperative grower profile was negative and significant at 1% level which showed that farmers sold mango with classifying form reaching lower productivity compared with selling non-classification.
In season 3, technical efficiency of cooperative farmer profile was undergone negatively and significantly from three variables comprising age, education and farming experience with coefficient of 0.057, 0.127 and 0.037, respectively. On the other hand, credit access and market access in cooperative grower profile were found positive and significant effect on farmers' technical efficiency at the conventional significance levels. The result of credit access was analogous with previous studies of Saeed (2011), Obare et al. (2010) , and Daniel (2016) . 
Technical efficiency distribution
Looking at season 1, the analysis of research indicated that technical efficiency ranged from 0.0717 to 0.9998 with a mean of 0.5041 in cooperative producer category, and from 0.0414 to 0.9985 with a mean of 0.5476 in noncooperative producer category (Table 5 ). This displayed that the technical efficiency mean of cooperative producer category was lower than that of non-cooperative producer category. The result presented technical efficiency gap of about 49.59% of cooperative producer category, and 45.24% of non-cooperative producer category. This implied that the average farmer in the study area could increase HoaLoc-mango productivity by 49.59 and 45.24% by improving their technical efficiency. The implication of the result showed that the average mango farmer of cooperative and non-cooperative farmer groups required 49.57% ((1 -0.5041/0.9998)*100) and 45.15% ((1 -0.5476/0.9985)*100) respectively cost saving to attain the status of the most efficient mango grower of production, while the least performing of cooperative and non-cooperative farmer groups needed 92.83% ((1 -0.0717/0.9998)*100) and 95.85% ((1 -0.0414/0.9985)*100) respectively cost saving to become the least efficient mango grower in the southern Vietnam. The outstanding feature of season 2 was technical efficiency of cooperative farmer group to achieve between 0.0278 and 0.9996 with the mean technical efficiency of 0.4755 and that of non-cooperative farmer group to acquire from 0.0140 to 0.9997 with the mean technical efficiency of 0.3477 (Table 5 ). This depicted that the technical efficiency mean of cooperative producer category was greater than that of noncooperative producer category. The average technical efficiency indexes of 0.4755 and 0.3477 proposed that an average mango farmer of cooperative and noncooperative farmer groups in the southern Vietnam had the capacity to raise technical efficiency in mango production by 52.45 and 65.23% to obtain the maximum possible level. Thus, the sample frequency distribution indicated that there were efficiency gap but with scope for improvement in mango production among mango farmers. This pointed that average mango farmer of cooperative farmer group and non-cooperative farmer group could experience a cost saving of 52.43% ((1 -0.4755/0.9996)*100) and 65.22% ((1 -0.3477/0.9997) *100) respectively whereas the worst efficient farmer of cooperative farmer group and non-cooperative farmer group proposed an improvement in technical efficiency of 97.22% ((1 -0.0278/0.9996)*100) and 98.60% ((1 -0.0140/0.9997)*100) respectively.
At the season 3, results also showed that the technical efficiency mean of cooperative grower category (53.10%) was greater than that of non-cooperative grower category (47.57%) ( Table 5 ). The figure indicated that there were efficiency gap but with scope for improvement in mango production among mango farmers. The implication of the result revealed that average mango farmer of cooperative and non-cooperative farmer groups could experience a cost saving of 46.60% ((1 -0.5310/0.9945)*100) and 46.19% ((1 -0.4757/0.8841)*100) respectively while the least efficient farmer of cooperative farmer group and non-cooperative farmer group proposed an enhancement in technical efficiency of 95.68% ((1 -0.0430/0.9945) *100) and 94.60% ((1 -0.0477/0.8841)*100) respectively.
CONCLUSIONS
First and foremost, harvesting seasons in the southern Vietnam have taken place round year with 4 main periods including: April to June (Natural season), February to April (Early season), August to October (Off-season), November to February (Late/festival season). Selecting Net J Agric Sci 132 of farming season has been determined by mango farmers. It usually is two seasons/year or maximum three seasons/year because the period from flowering to harvest of mango spend 4 months/season. In addition, the result revealed that technical efficiency mean of cooperative farmer category was lower than that of non-cooperative farmer category in season 1. However, technical efficiency mean of cooperative grower group was greater than that of non-cooperative grower group in season 2 and season 3. Results from the study showed that adjustments in the input factors could lead to improve production of HoaLoc-mango in the southern Vietnam.
Moreover, empirical findings indicated that the positive determinants of technical efficiency of cooperative farmer group were age and plant density in season 1, wrapping bag in season 1 and season 2, land area in season 1 and season 3, and credit access and market access in season 3 while the negative factors were payment for agro-input wholesale and classifying sale in season 1, credit access in season 2, age, education, farming experience and plant density in season 3. Turning to noncooperative farmer group, the positive determinants of technical efficiency were land area in season 2 and season 3, credit access in season 2, and plant density in season 3 whereas the negative elements were wrapping bag in season 1 and season 2, age, education, farming experience, market access and land area in season 1, and classifying sale in season 2.
Finally, based on these findings, policy makers should focus on effective inputs models that would boost technical efficiency through conducting regular workshops and orchard demonstrations on using input materials effectively for mango farmers. Also, farmers should be empowered in land area acquisition to applied advanced technology in large-scale production more effectively.
